the literature was searched for reports of similar organisms, and an attempt was made to isolate and characterize these unusual bacteria.
We owe to the late D r Hans Lautrop the reference to a paper by J. Brskov from 1930, describing a peculiar organism which he isolated on Bordet-Gengou coughplates from patients suspected of pertussis and described as 'Sarcilaa mirabilis' (Brskov, 1930) .
Unfortunately, no strains of Brskov's bacteria had been kept at the Statens Seruminstitut, Copenhagen, Denmark. fitting 0 r s kov's description. W e succeeded in finding colonies that contained organisms fitting Brskov's description, which turned o u t to be rather common, as also found by Brskov. Schiott (1967) isolated strains, with similar characteristics, from the gingival margin of persons experimentally rinsing their mouths with a solution of 0.5% vancomycin. O n e of these strains had been studied in the Department of Clinical Microbiology at the Statens Seruminstitut (H. Lautrop, unpublished observation) and was kept. Klesius e t al. (1 962) described a similar organism isolated from human saliva. However, there appears t o be no systematic description of this unusual organism apart from Brskov's in 1930 . When a similar clinical isolate was recently sent t o o u r department for identification from a local Danish clinical microbiological laboratory, we made a thorough examination of all strains kept. T h e present paper presents the results of this investigation.
Strains. Six strains were studied : two were originally isolated from the gingival margin of healthy persons in the 1960s (strain nos AB2188 and AB2512; Schiott, 1967) , three were isolated in 1983 from cough-plates (Bordet-Gengou plates without penicillin) from patients with suspected whooping cough (strain nos AB2189, AB2190 and AB2191); a recent isolate from a drain in the frontal sinus of a patient recovering from a streptococcal sinusitis (strain no. AB2450). All strains were thought to be saprophytes. The first five strains had been kept freeze-dried until this study ; the last isolate was kept in broth supplemented with 10 ?LO (v/v) glycerol at -70 "C.
Micromorphology. Strains were observed with a phase contrast microscope in wet mounts from all media which supported growth of the organisms. In addition the strains were Gram-, methylene-blue-and Ziehl-Neelsen-stained (Hendrichson & Krenz, 1991) and observed with a bright-field light microscope.
Electron microscopy. Negative staining was performed, with 1 ' / o (w/v) ammonium molybdate, pH 7.4, on young cultures (24-48 h) grown on chocolate agar, as previously described (method A in Blom et al., 1983) . For thin sectioning, small isolated colonies were punched out from the plates with a hypodermic needle (1 mm in diameter) and fixed in 3 % (v/v) glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2, containing 0.01 M CaC1, overnight at 4 "C. Post-fixation was carried out for 90 min in 1 YO (w/v) OsO, in 0.1 M cacodylate buffer, pH 7.2, containing 0.01 M CaCl,, followed by 1 h treatment in 2 % (w/v) uranyl acetate in barbiturate buffer, pH 7-3. After dehydration and embedding in Vestopal (Martin Jaeger, Geneva), sectioning and further preparation for electron microscopy followed the method of Melchior e t al. (1973) .
Growth characteristics. Growth was tested on 15 solid media manufactured at the Statens Seruminstitut : 5 YO (v/v) and 10 % (v/v) horse-blood agar, chocolate agar, CAMP plates (bilayered plates containing beef infusion agar in the bottom and 5 % sheep-blood agar in the top layer), modified Drigalski plates containing 0.9 % lactose and 0.01 % bromothymol blue, Mac-Conkey agar, beef infusion agar with 0.03 YO sodium azide and 5 YO defibrinated horse blood, beef extract agar, beef infusion agar containing 0.04 YO tellurite and 10 % defibrinated horse blood, egg yolk agar (EYA), Tween 80 agar, 40% (v/v) bile agar with 8 % defibrinated horse blood, beef infusion agar without supplements, Levinthal agar containing glucose, yeast extract and NAD, and tryptose glucose yeast extract (TGY) agar plates. Material from a single colony of each strain grown overnight on chocolate agar was spread on each plate, incubated aerobically and inspected daily for 8 d. If no growth occurred after 8 d, the procedure was repeated using material from several colonies taken with a 10 pl inoculating loop. Testing for anaerobic growth was performed in an anaerobic incubator (Forma Scientific) on TGY plates and 5 % blood agar. A strain of Acinetobacter calcoaceticus served as a negative control. The strains were tested for growth at 22 "C, 30 "C, 35 "C, 41 "C, 44 "C and 48 "C by inoculation from a chocolate agar plate culture to semi-solid agar (0.3 YO agar) in a waterbath. Similarly, the strains were tested for growth at 22 "C, 35 "C, 41 "C and 44 "C in beef infusion broth. All cultures were observed for 7 d. The strains were tested for salt tolerance in beef infusion broth with 2.5 % (w/v) NaCl at 35 "C for 7 d. Broth cultures without NaCl served as controls.
Biochemical tests. Oxidase production was determined by the method of KovPcs (1 956) with 1 % tetramethyl-p-phenylenediamine dihydrochloride, using a 48-h-old beef infusion agar culture; a dark-purple colour within 10 sec was considered a positive reaction. Catalase production was detected by harvesting a 48-h-old beef infusion agar culture and adding it to a drop of 10% (v/v) H,O, on a slide. T o test for nitrate reduction, sulfanilic acid and 1 -naphthylamine-7-sulfonic acid were added to 2-and 4-d-old cultures of beef infusion broth containing 0.02 YO KNO, ; zinc powder was added when no colour reaction took place. The test for the ability to reduce nitrite was also done with the same reagents in beef infusion broth containing 0.02 % NaNO,. For determination of acetoin production (Voges-Proskauer test), the method of O'Meara (1931) was used, with incubation for 4 d. Gelatin liquefaction was tested at 22 "C using the classical gelatin stab (Koch, 1884) with observation for up to 10 d. A culture in TSI medium without carbohydrates (Kolmos & Schmidt, 1987) was observed over 10 d to detect H,S production. P-Galactosidase production was detected by the method of Bulow (1964) with 0.2% ONPG.
Tests for production of 8-glucuronidase (PGUA) and Bxylosidase (PNPX) were done according to Kilian & Bulow (1976) . For detection of urease production, a heavy suspension was made in a potassium phosphate buffer containing 1 YO (w/v) urea and phenol red as indicator; a solution without urea was used as control (Lautrop, 1960) . Phenylalanine deaminase production was detected by making a heavy suspension from a chocolate agar culture in phenylalanine (0.5 %) in distilled water and adding a few drops of an FeC1, solution after incubation for 24 h (modified from Bergquist & Searcy, 1963) . For detection of decarboxylase/dihydrolase production, Msller's arginine, ly sine and ornithine media were used and observed for 10 d (Msller, 1955) . Esculin hydrolysis was tested as described by Vaughn & Levine (1942) . Hippurate hydrolysis was tested for using the method of Carlsson (1 968). Polysaccharide production was tested on sucrose agar plates as described by Neubauer & Berger (1961) . Tests for production of levan and dextran were done by precipitation with ethanol (Gibbons & Banghart, 1967 
Plasmid isolation.
Isolation of plasmids was attempted using the method of Gerner-Smidt (1989), which is a modification of the boiling method of Holmes & Quigley (1981) . However, the cells were disrupted only after treatment with both lysozyme (4 %, W / V ) and lysostaphin (0.1 YO).
Determination of mol % (G + C). The protocol for isolation of DNA has been given by Lind & Ursing (1986) . Mol YO (G + C) was estimated by thermal denaturation, following the procedure described by Sandstedt et al. (1983) . 16s rRNA sequencing. Amplification of the 16s rRNA gene and purification of the PCR products of strains AB2188 and AB2450 were performed as described previously (Rainey e t al., 1992; Rainey & Stackebrandt, 1993) . The double-stranded PCR products were sequenced using primers described previously (Stackebrandt & Charfreitag, 1990) .
Analysis of the sequence data. The sequence of strain AB2188, which has been deposited in EMBL under accession number X73223, was aligned to the database of small subunit rRNAs (Olsen et al., 1992) . After an initial analysis showed the sequence to be related to those of members of the beta-subclass of Protenbacteria, subsequent analyses were restricted to sequences available for organisms of this subclass. The final analysis was performed with organisms shown in Table 3 and Fig. 7 . Sequence regions that either were not determined in one or more of the reference organisms or were of alignment uncertainty, i.e. positions 5' terminus through 107, and 1376 through the 3' terminus (Escherichia coli nomenclature ; Brosius e t a/., 1978) had to be omitted. About 1270 nucleotides were used in the phylogenetic analysis. Pairwise evolutionary distances (expressed as estimated changes per 100 nucleotides)
were computed from percentage similarities by the correction of Jukes & Cantor (1969) . A phylogenetic tree was constructed from the distance matrix by the algorithm of De Soete (1983) . Sequence alignment and data comparison were done using a SUN SPARC IPC Workstation.
RESULTS

Micromorphology
On solid media the colonies were very pleomorphic. A t least three different colony types were found. I n young cultures, flat, dry, circular colonies predominated, most of these colonies becoming larger, wrinkled, crisp and crateriform on prolonged incubation ; this latter colony type predominated in cultures older than 1 d. T h e third colony type was smooth, glistering, raised, round and rather mucoid. All colony types were usually adherent t o the substrate. However, from some substrates, especially Levinthal agar, colonies could easily be removed in toto.
All colony types in every size were found on all plated media supporting growth. T h e colony size varied between pin-point size u p t o more than 5 m m in diameter, a size which was reached in 4-7 d on enriched media incubated at 35 "C. Subculture from any colony form resulted in g r o w t h of all colony types. All colonies were nonpigmented. I n fluid media, such as beef infusion broth, growth was granular with a coarse sediment at the bottom and adherent granules on the side of the tube. These adherent granules were easily loosened by agitation seen that growth started in clumps of cells held together in an amorphous matrix (Fig. la) . After a few hours incubation at 35 "C motile cocci appeared at the periphery of the colony (Fig. lb) . In one preparation at least three cell types were seen ; capsulated cocci, 1-2 pm in diameter, motile cocci of similar size, and large sphaeroblast-like cells. In wet mounts the capsulated cells were seen floating freely or in clumps resembling sporangia with less than 10 to more than 100 cells in each cluster (Fig. 2) . In cells of the second type, the motion was seen starting as a quivering developing into a fast movement in ever increasing circles. The last type was a large, 5-> 10 pm in diameter, sphaeroblast-like form (Fig. 3) . The capsulated form predominated in cultures of all ages, the motile forms were mostly seen in cultures a few days old, and the sphaeroblast-like forms in older cultures. All forms were Gram-negative, not acid-fast and easily stained with 1 YO (w/v) methylene blue. The micromorphology in methyl-ene-blue-stained broth cultures showed predominantly sporangia-like structures containing numerous round cells.
Electron microscopy
In negatively stained preparations the motile cells were globular or coccoid (1-5-2-0 pm in diameter) with a tuft of flagella arising from one point of the cell wall (Fig. 4) . The number of flagella varied from three to nine. O n some cells single fimbriae were also seen ( Fig. 4b ). Another observation disclosed by negative staining was a number of regular round structures with a diameter of about 30 nm randomly localized on the cell surface (Fig. 4) . In the thin-sectioning preparations the ultrastructure of the microcolonies fixed in sittl showed two cell forms: (i) a coccoid cell localized at the outermost part of the microcolonies (Fig. 5a ) and (ii) aggregates of irregular cells held together by a common surface layer (Fig. 5 ).
Between the irregular cells a cementing layer of varying thickness was seen (Figs 5 and 6c ). After the rupture of the common surface layer, some cells continued to have a thick surface layer (Figs 5b and 6b) . The coccoid cells varied in diameter from 0.7 to 2.0 pm, whereas some irregular cells showed a conglomerate appearance more than 3 pm in diameter (Fig. 5b ). Both cell forms showed a typical Gram-negative cell-wall profile, i.e. two triplelayer membranes with a thin peptidoglycan layer in between (Fig. 6a, c) . In contrast to ordinary Gramnegative cells many of these bacteria showed membranous structures, which were found parallel to the plasma membrane ( Fig. 6a ) or seen as vacuoles (Fig. 6c ). The cementing layer found between the cells in the aggregates was of medium electron density (Fig. 6c) Motile Gram-negative cocci logically similar to the thick surface layer found in some of the free cells (Figs 5b and 6b) . Multiplication of the cells appeared to be only by binary fission and was only seen in the aggregates. Sections of cells in the process of crosswall formation are found in Fig. 5 . Another characteristic feature was the appearance of small electron-dense granules observed in both the coccoid and irregular cells (Fig.  5) . These were localized to the nuclear regions of the cells and seen at higher magnification their diameters were found to be 30-40 nm (Fig. 6 ). Table 1 lists the plated media that supported growth of the strains. They all grew on all non-selective media except EYA agar. Growth was best on chocolate agar, TGY agar and Levinthal agar. One strain (strain AB2188) grew weakly on tellurite agar after 2 d incubation with no discoloration of the medium or pigmentation of the colonies. N o growth was seen on the modified Drigalski, MacConkey agar, sodium azide agar, EYA, or bile agar plates using the small inoculum. Even with an excessive inoculum only slight growth was seen on these media. None of the strains were able to grow at 22 "C or 48 "C.
Growth characteristics
All strains grew at 30 "C, 35 "C, 41 "C and 44 "C; however, growth was slower at the latter temperature. All strains grew slowly under anaerobic conditions, without haemolysis. N o strain grew in broth with 2.5% (w/v) NaC1.
Biochemical tests
The biochemical characteristics of the strains were very uniform as shown in Table 2 . All strains were positive in tests for oxidase, catalase, urease, nitrate and nitrite reduction, and polysaccharide production on sucrose agar. All strains fermented glucose, fructose, maltose and sucrose in 1-2 d. All strains except strain AB2190 fermented mannitol within 4 d, the latter strain did so only weakly after 14 d ; two strains (AB2191 and AB2512) were able to produce acid from galactose within 1-3 d.
Four strains (AB2189, AB2190, AB2191 and AB2512) produced P-xylosidase (the tests were positive within 2 h) ; all strains, except AB2188, were able to hydrolyse esculin within 1-4 d. All strains showed negative ONPG and PGUA reactions ; tests for phenylalanine deaminase, amino-acid decarboxylases, VP, gelatinase, dextran, levan, H,S production, hippurate hydrolysis, and fermentation of lactose, trehalose, raffinose, inulin, salicin, adonitol, dulcitol, sorbitol, inositol, xylose, rhamnose, arabinose and starch were also negative.
Antibiotic susceptibility
All strains were sensitive to penicillin, ampicillin, erythromycin, piperacillin, cefuroxime and gentamicin.
Plasmids
No plasmids were found in any strain.
Mol % (G +C)
The mol% (G+C) for five strains ranged from 64.6 to 65.4 with a mean of 65.0. The value for strain AB2188 was 65.3.
Phylogenetic analysis
A stretch of 1440 nucleotides of the 16s rDNA sequence of the motile coccus strains AB2188 and AB2450 were analysed, covering region 44 through to 1495 of the E. coli sequence. The sequences of strains AB2188 and AB2450 were identical when the few positions of sequence ambiguity of the latter strain were omitted from the pairwise comparison. Because of sequence identity only strain AB2188 was included in the phylogenetic analysis.
The results indicate that the motile coccus is a member of the beta-subclass of Proteobacteria, showing no close relationship to any of the taxa that belong in this subclass. The highest similarity values are those with Bwkholderia cepacia (92-3 % similarity) (Table 3 ) and other members of this genus, which includes the human pathogenic species B. mallei and B. pickettii (Li et al., 1993) . The graphic representation of dissimilarity values (Fig. 7) IP: 54.70.40.11
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3. shows that strain AB2188 forms an independent line of descent that is almost equidistant to those leading to representatives of other taxa. Strain AB2188 is neither a member of the genus Bwkholderia (Yabuuchi e t al., 1992) nor of the phylogenetically defined species cluster that embraces the genera Eikenella, Neisseria, Kingella (Dewhirst e t al., 1989) , Simonsiella, Absiella and Moraxella (Rossau e t al., 1989; Morse & Knapp, 1991) , whose members are also described to contain human and animal pathogens and saprophytes from the oral cavity.
4.
DISCUSSION
We have rediscovered a micro-organism from the human oral flora and described its phenotypic and genotypic profile. The characteristic small motile coccoid form seen in wet mounts of scrapings from the gingival margin or back of the tongue of apparently healthy people may be the motile form of the organism described here, but we cannot be sure; however, observation of such motile bacteria initiated this study. .......................................................................................... ...... .........   Fig. 7 . Phylogenetic position of strain AB2188 within the radiation of representatives of the beta-subclass of Proteobacteria, based on the least squares algorithm. The scale bar represents 10% sequence divergence. The total distance between two organisms is the sum of the horizontal branch lengths. Reference 165 rRNNDNA sequences have been published in the Ribosome Database Project (Olsen et al., 1992) or are available from the authors.
The ultrastructure showed a pleomorphic picture of a micro-organism with a Gram-negative cell-wall profile and a series of different stages from single coccoid forms with flagella to aggregates of irregular cells held together by a common surface layer. The biochemical profiles of the strains were very uniform, suggesting that they belong to one species. The strains did not produce dextran or levan as shown by the ethanol precipitation method; however, polysaccharide was apparently produced by all strains on sucrose agar plates. These findings are not necessarily contradictory; the polysaccharide produced on the plated medium may be different from dextran and levan, or the aerobic conditions on the plates may have favoured the production of levan or dextran. No attempt was made to characterize this polysaccharide chemically. N o growth was observed on enteric media, azide agar, EYA and bile-agar plates using a standard inoculum of the strains. Growth was supported on these media only when a large inoculum was used. However, this phenomenon may be due to transferral of nutrients from the chocolate agar plates from which the inoculum was taken.
There is no indication of a pathogenic potential for the organism. We did not study dental plaque or try to isolate the organism from dental plaque. However, the structure and features of this organism (polysaccharide formation) are compatible with its participation in the formation of dental plaque.
The rRNA sequencing data showed that the organism belongs to a separate branch of the beta-subclass of Proteobacteria most closely related to the genus Btlrkholderia. The isolated position together with the unique corn bination of chemotaxonomic and phenotypic properties indicate that the group of motile cocci represent a new genus and species. We propose the name Latltropia mirabilis for this organism. Gram-negative cocci occurring in at least three forms: (1) encapsulated cocci, 1-2 pm in diameter, often occurring in clusters of lo-> 100 cells; (2) unencapsulated cocci, 1-2 pm in diameter, motile by the action of a tuft of three to nine flagella; and (3) large, > 5 pm in diameter, sphaeroblast-like cells. Facultative, but grows best under aerobic conditions with no requirement for CO,. Mesophilic, growing at temperatures between 30 OC and 44 "C.
Description of
Non-pigmented, grows on most enriched media, especially on chocolate, Levinthal, TGY and Tween 80 agar; grows slower with no haemolysis on horse-blood agar. At least three colony morphologies are seen: (1) flat, dry, circular colonies predominating in young cultures, becoming (2) larger, wrinkled, crisp and crateriform on prolonged incubation, and (3) smooth, glistering, raised, round, mucoid colonies. The colony diameter varies between pinpoint size and more than 5 mm; all colony types may occur in all sizes, largest in older cultures; colonies are usually adherent to the substrate. Growth in broth is granular with a coarse sediment and granules adherent to the side of the tube. Biochemically, strains are oxidase, catalase and urease positive, reduce nitrate and nitrites, produce polysaccharide on sucrose agar, ferment glucose, fructose, maltose, sucrose and mannitol and do not ferment lactose, trehalose, raffinose, inulin, salicin, adonitol, dulcitol, sorbitol, inositol, xylose, rhamnose or arabinose or hydrolyse starch. Most strains hydrolyse esculin. They may produce P-xylosidase, but not /?galactosidase or B-glucuronidase. D o not decarboxylate
